Insulin-induced glycerolipid mediators and the stimulation of glucose transport in BC3H-1 myocytes.
We have previously demonstrated that insulin stimulates glycerolipid synthesis and phospholipid hydrolysis in BC3H-1 myocytes, resulting in the generation of membrane diacylglycerol, a known cellular mediator. This led us to the original proposal that diacylglycerol may contribute to the mediation of insulin action, especially stimulation of glucose transport. The fact that agents such as phenylephrine and phorbol esters, which increase or act as membrane diacylglycerols, are fully active in stimulating glucose transport in this tissue lent further support to this proposal. In this paper, we demonstrate that the diacylglycerol analogues PMA (4 beta-phorbol 12-myristate 13-acetate) and mezerein (both possessing 12 beta- and 13 alpha-O-linked substituents as well as a 4 beta-hydroxyl group) each increase the Vmax of the glucose transporter as does insulin. Diacylglycerol generated by the addition of phospholipase C also stimulates glucose uptake to a maximum which is equal and nonadditive to that of insulin, while addition of the narrowly active phosphatidylinositol-specific phospholipase C which generates the putative phosphoinositol-glycan mediator of Saltiel et al. (Saltiel, A., Fox, J., She Lin, P., and Cutrecasas, P. (1986) Science 233, 967-972) stimulates pyruvate dehydrogenase in these cells without any effect on glucose uptake. Pretreatment of the myocytes with PMA resulted in desensitization of subsequent glucose uptake to stimulation by phenylephrine, but had no effect on stimulation of glucose uptake by phospholipase C or by insulin, indicating that PMA pretreatment primarily desensitizes agonist-induced polyphosphoinositide hydrolysis which, as we have previously shown, is not involved in the insulin-induced generation of diacylglycerol. This was confirmed by the absence of intracellular Ca2+ mobilization during insulin administration, as measured by the sensitive fluorescent probe fura-2 in attached monolayer BC3H-1 myocytes. Furthermore, we have shown that insulin-generated diacylglycerol satisfies several criteria for a mediator of insulin action, including the demonstration that insulin-stimulated endogenous diacylglycerol generation is antecedent to glucose transport and has an identical insulin dose-response curve and moreover that the magnitude and time course of subsequent stimulation of glucose transport is reproduced by the addition of the simple exogenous diacylglyerol, dioctanoylglycerol, in the complete absence of the hormone. These results establish a central role for insulin-induced glycerolipid metabolism in mediating insulin-stimulated glucose transport in BC3H-1 myocytes.